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GALILEO 


WELL over three hundred years ago, a young 
student stood in the cathedral at Pisa in 
Italy and watched a lamp swing to and fro. 
The lamp hung by a long chain from the 
roof; and when a door was opened, the 
draught would make it swing with a long 
Sweep. When the draught ceased, the swing 
would get shorter and shorter as the lamp 
came to rest again. Thousands and thousands 
of people must have seen the lamp swinging 
in this way. But this young student, whose 
name was Galileo, was the first to notice that 
as the swings of the lamp narrowed they did 
not get slower or faster. Whether the swings 
were long or shart, it seemed te Galileo that 
each one took just the sume time. Bring 
a scientist he at once tested this idea. Plac- 
ing his finger on his pulse he timed the 
Swings of the lump by his pulse-beais. It 
Was as he thought. A long swing of the. 
lamp took the same time as a short one. 

Though he was only seventeen at the time, 
Galileo at once knew that he had discovered 
an important scientific law—the law of the 
Pendulurn. He saw, too, that if he could check 
the time of the swings of a pendilam by 
means of his pulsc-beats, he could just as well 
check his pulse by means of a pendulum. 
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Before long he invented a little instrument 
which could be used to time a person’s pulse. 
This was so useful to doctors that Galileo 
very soon became quite famous. 

It is very rare for a young student to make 
important scieritific discoveries, but then 
Galileo was no ordinary student. Born on 
15 February 1564, at Pisa, he showed at a very 
early age an unusual talent for science. , His 
father was a skilful musician and mathemati- 
cian, but believing that music and science 
would never make his son rich he resolved 
that Galileo should become a cloth-dealer- 
But Galileo had not the least taste or ability 
for business, and he soon persuaded his father 
to let him study medicine and philosophy at 
the University of Pisa. 

Very soon Galileo found himself in trouble 
at the University. He was a sturdy young 
man with red hair and a cheerful face and 
avery short temper. So often did he disagree 
with his teachers that his friends nicknamed 
him ‘the Wrangler’. The professors at Pisa 
took a strong dislike to him because he was 
so determined to think for himself and test 
by practical experiments all the theories they 
taught him. They were content to teach what 
the ancient Greek philosophers had taught, 
and it seemed to them ridiculous for a young 
student of seventeen to question ideals that 
had been taught for a thousand years. But as © 
a true scientist. Galileo refused to accept an 
idea without question. 
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So far Galileo had learned no mathematics, 
but when he was nineteen a famous teacher of 
mathematics, named Ricci, visited Pisa; and 
one day Galileo chanced to hear him lecturing 
to his pupils. Not being one of Ricci’s pupils, 
he stood and listened at the door. This he 
did secretly many times, until at last he had 
the courage to go and speak to Ricci. See- 
ing that Galileo was a young man of great 
talents, Ricci gave him all the help he could, 
and very soon Galileo began to make a name 
for himself as a mathematician. On leaving 
Pisa he went to live in Florence, where he 
attracted the notice of the Grand Duke of 
Tuscany. At this time Galileo was very poor, 
and he was just on the point of leaving for 
the East to seek his fortune when the Grand 
Duke made him a professor at the University 
of Pisa, where he had-once been a student. 
His salary was a mere five shillings a week, 
but it was an honourable post for so young 
a man. 

Once again Galileo found himself at logger- 
heads with the professors at Pisa. Like most 
other scientists of their time they believed 
that all the scientific laws taught by the fam- 
ous Greek philosopher Aristotle were true. 
Galileo set about testing Aristotle’s teachings. 
According to Aristotle, a hundred-pound 
weight would fall a hundred times as fast as 
a weight of one pound. Galileo declared this 
to be false. Two objects of different weight 
but of the same size and shape would fall, 
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he said, at the same rate. To prove he was 
right he called his opponents to watch him 
drop a heavy ball and a light one from the 
top of the famous Leaning Tower of Pisa. 
Though the professors tried to argue that 
the experiment had failed, it was clear that 
Galileo had proved he was right. It was not 
by arguments but by practical experiments 
that Galileo discovered the laws of falling 
bodies. 

By this time Galileo had won great fame 
as a teacher. Dukes and princes were among 
his pupils, and William Harvey, the English 
doctor who discovered the circulation of the 
blood, came to hear him lecture at Padua, 
where the Doge of Venice had appointed him 
a professor. He was now quite wealthy, for the 
Doge increased his salary until he was earn- 
ing more than any préfessor before him. But 
Galileo was always generous, and after his 
father died he supported his mother and bro- 
ther and two sisters as well as his own three 
children. For his pupils who lived with him 
he bought a fine house with a beautiful gar- 
den and even a vineyard. So popular was he 
as a teacher at Padua that sometimes even 
the great hall of the university was too small 
to hold all the students who crowded to hear 
him, and he was forced to lecture in the open 
air. Yet at the same time he was busy with 
new inventions and discoveries. In 1602 he 
invented an air-thermometer, though this was 
not perfected until after his lifetime. He 
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even built a workshop for the staff of work- 
men he employed to carry out his ideas. 

In 1609 while Galileo was staying in 
Venice, he heard of a wonderful new inven- 
tion. This was a telescope which a Dutch 
spectacle-maker named Hans Lippershey 
had made in his shop. Galileo resolved to 
make a telescope for himself, though he had 
not yet seen one. He set to work on the day 
he heard of the Dutch telescope, and stayed 
up all night until he had made one of his 
own. His telescope was a piece of an organ 
pipe with a convex (or curving outward) 
spectacle glass fixed in one end, and in the 
other end a glass that was concave (or cur- 
ving inward). It magnified three times and 
showed objects twenty-two miles away. 
Instead of showing objects upside down, as 
the Dutch telescope had done, it showed 
them right way up. Soon Galileo was mak- 
ing even more powerful telescopes. 

Galileo’s telescope was an enormous 
success. It was the-wonder of Venice, and 
Galileo’s house was crowded with people 
eager to gaze through his telescope. With 
great pride Galileo wrote and told a friend 
all about it. ‘Many noblemen and senators’, 
he wrote, ‘ though of advanced age, mounted 
to the top of the highest bell-towers in Venice 
to spy out ships at sea making sail for the 
‘mouth of the harbour, and have seen them 
clearly, though without any telescope they 
would have been invisible for more than two 
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hours. For it makes a thing fifty miles off as 
near and clear as if it were only five.’ When © 
the Doge of Venice heard of Galileo’s tele- 
scope, he summoned Galileo to his palace 
and desired to possess one. Galileo at once 
gave him the best he had made, and in 
return his salary at Padua was doubled and 
he was appointed a professor for life. 

But Galileo was not ‘content with the first 
telescope he made, though his workmen 
were kept busy enough to supply telescopes 
to all the princes and scholars of Europe who 
demanded them. Galileo ground all the 
lenses himself, and was always striving to 
make a telescope more powerful than had 
yet been made. At last with great care and 
skill he made a telescope which would 
magnify thirty times. It was with this tele- 
scope that he examined the skies and made 
many amazing discoveries about the sun and 
moon and stars. He had begun a new age 
in astronomy. : ° 

To the naked eye the surface of the moon 
is smooth, and every astronomer had thought 
it so until Galileo looked at it through his 
telescope. Then he saw that the surface of 
the moon was by no means smooth and that 
there were even mountains four or five 
miles high. What was yet more astonishing 
to Galileo was the vast number of stars he 
could see through his. telescope. There 
seemed to be ten times as many as he could 
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see with his naked eye. For centuries astro- 
nomers had been puzzled by the Milky Way- 
Now Galileo discovered that it was made up 
of clusters of stars. At first no one would 
believe that these things were true, but 
Galileo pointed out that they had only to 
look and see them for themselves. But some 
learned men even refused to look through 
the new telescopes for fear of seeing some- 
thing they did not believe in. 

For at this time men still firmly believed 
that the earth was the centre of the universe 
and that the planets, the stars and the sun 
revolved round it. This had been taught by 
Ptolemy, a Greek philosopher who lived 
in Alexandria in the second century after 
the birth of Christ, and for over a thousand 
years astronomers’ believed that what 
Ptolemy taught was true. Then there 
appeared a Polish astronomer, named Nicolas 
Copernicus, who declared that Ptolemy had 
been wrong. Copernicus taught the true 
idea that the sun and not the earth was the 
centre, and that the earth and the planets 
revolve round the sun. This was over fifty 

.. years before Galileo invented the telescope, 
and nobody believed Copernicus. To all men 
it seemed natural and right that the earth 
should be the ¢entre of the universe, and 
they believed that to agree with Copernicus's 
idea was foolish and dangerous. 

But Galileo soon began to think that 
Copernicus was right and Ptolemy wrong. 
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For on 7th January 1610, he directed his tele- © 
scope towards the planet Jupiter, and saw + 
three liitle stars close beside it. He carefully 
noted their positions. The next night he saw 
the three little stars again—but this time 
on the other side of Jupiter. Night after 
night Galileo saw these stars besides Jupi- 
ter. Sometimes he could see two of them, 
sometimes three and at other times four. 
What he had seen was the four moons of 
Jupiter revolving round that planet, just as 
the moon revolves round the earth. 

Galileo knew that if the earth remained 
still while the sun and moon and stars moved 
round it, as Ptolemy had said, then his tele- 
scope should show him the four, little moons | 
revolving round the earth and not round 
Jupiter. Here was evidence that Ptolemy had 
been mistaken. It soon became clear to Gali- 
leo that Copernicus’s ideas were true; and | 
that the sun, not the earth, was the centre of © 
the universe. Boldly he began to teach these — 
ideas to his pupils—to the great annoyance of . 
the followers of Aristotle and Ptolemy, who, ; 
because they could not prove him wrong, 
soon set about getting Galileo into trouble; 
with the Pope and the Inquisition. j 

The bitterest enemies of the new ideas : 
taught by Galileo were the Jesuits. These 
were a strictly trained order of priests, 
‘teachers and monks, whose aim was to re- 
form the Roman Catholic Church and win 
back the Protestants. The first rule of all 
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Jesuits was obedience to authority, and they 
refused to allow their members to claim 
freedom to think for themselves. Men who 
were free to think for themselves, thev 
declared, soon became Protestants. Centuries 
earlier there had been set up, in order to 
examine statements of beliefs which might 
not agree with the dogmas of the Church. a 
Court commonly known as the Inquisition. 
This court tried its prisoners in secret and 
under threat of torture, and it was dreaded 
by Catholic and Protestant alike. It took a 
brave man to teach opinions that were 
frowned on by the Inquisition, and Galileo 
knew he was running a serious risk when he 
openly taught the ideas of Copernicus, for 
the Pope had declared them 'to be false. 
Just at this time Galileo left Padua, where 
he had been under the protection of the 
Doge of Venice, and once more returned to 
Pisa, whete the Grand Duke of Tuscany 
made him his Court Philosopher and Mathe- 
matician. Now that Galileo no longer had 
to teach, he had more leisure for the many 
inventions he had in mind. But in leaving 
- Padua, Galileo had made a great mistake. 
For in Pisa he was no longer safe from the 
attacks of the Jesuits who had been expelled 
from the Venetian Republic. Only in the 
lands ruled by the Doge was Galileo free to 
teach what he held to be true. 
Soon after his return to Pisa, Galileo 
'“Mmade another important discovery which 


convinced him even more that the teaching 
of Copernicus was true. It had been said 
that if the planets and stars revolved round 
the sun, then the planet Venus ought to 
show phases in the same way as the moon, 
and to appear much larger when nearest the 
earth. With the aid of his most powerful 
telescope, Galileo was able to show that 
Venus did show phases and did appear much 
larger when nearest the earth. Just as the 
new moon shines less brightly than when it 
is full, however, so did Venus seem to the 
naked eye duller when nearest the earth, 
because then it was nearly ‘new’. 

After these fresh discoveries the Jesuits 
were even more eager to silence Galileo, and 
he had not been in Pisa very long before 
he learned that he was in danger of being 
arrested and tried by the Inquisition. To. 
escape this fate Galileo boldly resolved to 
go to Rome and explain his discoveries to 
the Pope himself. He knew that all sorts of 
lies about him were being whispered in 
Rome, and he was anxious that the leaders 
of the Church should know the true nature | 
of his discoveries and their meaning. As it 
happened, he easily obtained an audience 
with the Pope, who received him very 
favourably and listened attentively to all 
he had to say. Four of the most learned + 
scholars at Rome were chosen to examine 
Galileo’s discoveries. In spite of themselves, | 
they were unable to prove Galileo wrong. 
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In Rome Galileo was everywhere received 
with great honour. Many of the leaders of 
the Church, as well as famous scholars and 
scientists, were eager to learn from him, for 
by no means all of them were as unwilling 
to accept new ideas as the Jesuits. Perhaps 
the greatest honour he received was when 
he was welcomed as a member of the 
Academy of the Lynx-eyed Ones, which is 
still the name of the Italian Scientific 
Society. Yet in spite of the success of his 
visit to Rome, Galileo was still not safe from 
the attacks of Jesuits and the Inquisition. 

Even in Rome Galileo did not rest, and 
soon he announced yet another new dis- 
covery. In 1611 he declared that there were 
spots on the surface of the sun. Although 
several other astronomers afterwards dce- 
clared that they, too, had seen these sun- 
spots, this latest discovery caused the 
Jesuits to renew their attacks on Galileo. 
This time the trouble was serious. For all 
those scientists who held to the teachings of 
Aristotle and Ptolemy and refused to be- 
lieye Copernicus and Galileo, allied them- 
selves with the Jesuits. Soon Galileo found 
himself accused of attacking the Church and 
even of siding with the Protestants. Unable 
to prove Galileo wrong, his enemies declared 
that he was denying the teachings of the 
Bible when he said that the earth revolved 
round the sun. When the Inquisition obtained 
a copy of a letter written by Galileo in 
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which he declared that the opinions of 
Copernicus. were true, they summoned Gali- 
leo before them and warned him not to hold 
or teach such opinions. 

For some years after this, Galileo thought 
it wise to keep silent about his discoveries. 
He was now growing old and was often a 
sick man. As a young man he had fallen 
asleep in a draughty cavern where he had 
caught a disease from which he suffered for 
the rest of his life. But in spite of ill-health 
he never ceased to study astronomy and 
make new discoveries. While on a visit to 
Rome he was shown an instrument which 
would reveal objects too tiny _to be seen by 
the naked eye. This was the first microscope, 
but like the first telescope it showed objects 
upside down. Galileo set to work and very 
soon produced a microscope of his own which 
was not only much more powerful than the 
one he had seen, but also showed objects 
the right way up. Thus once again Galileo 
led the way with one of the most important | 
inventions in history. His telescope showed 4 
men that the universe was’vaster than and | 
far different from what it was believed _ 
be by the wisest men in the past. Now the 
microscope was to reveerl a world of minute 
objects which no man _ could see unaided. | 
Without the microscope Pasteur and Lister 
could not have discovered new cures for dis- 
eases once thought incurable. 
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But Galileo soon failed to keep the com- 
mand of the Inquisition not to teach the new 
ideas about the universe. In 1632 he publish- 
ed a long book which contained all the 
arguments for and against the ideas of 
Ptolemy and Copernicus. He called the book 
Dialogues on the Two Systems of the World. 
for it told the story of a dispute between 
two men, one of whom supported the 
teachings of Ptolemy and the other those 
of Copernicus. Unfortunately Galileo gave 
to the man who took the part of the Pope in 
the book the unflattering name ‘Simpleton’. 
Though it was not meant as an insult, 
the Pope was much annoyed, and before 
many copies of the book had been printed, 
a message came from Rome forbidding its 
Sale. Galileo himself was summoned _ to 
Rome to be tried by the Inquisition. 

Now old and feeble and ill, Galileo jour- 
neyed to Rome in a litter provided by the 
Grand Duke of Tuscany, who did not dare 
defend his friend from the anger of the 
Pope. In Rome he was not allowed to see 
any of his friends, and the trial lasted for 
months. Day after day he was closely ques- 
tioned ‘by his judges, who were not satisfied 
until under threat of torture they had forced 
him to admit that what he had taught was 
false. But that was not all. His book was 
banned. He was forbidden to teach for the 
rest of his life, he was to be imprisoned at 
the judges’ pleasure, and once a week for 


three years he was to recite seven psalms. 
Lastly, he was made to kneel before the 
Inquisition and solemnly declare that the 
Copernican ideas which he had taught were 
false. 

Because he was old and ill, the Pope 
allowed Galileo to go home, but refused to 
let him return to Florence for some years on 
pain of imprisonment. Nothing daunted by 
the threats of the Inquisition, Galileo con- 
tinued to study astronomy, and teach his 
friends that the sun was the centre of the 
universe and that the earth revolved round 
it once a year. He even wrote another book— 
but had it published secretly in Holland. 

All his work came to an end in 1637 when 
he became blind. ‘Alas’, he wrote to a 
friend, ‘this earth, this universe, which I by 
my marvellous discoveries and clear. de- 
monstrations have enlarged a hundred thou- 
sand times beyond the belief of the wise 
men of bygone days, henceforward is for me 
shrunk into such small space as is filled by 
my own bodily sensations.’ 

Though nearly eighty and blind, Galileo 
was still full of new scientific ideas. Just 
before he died he taught his son how a 
pendulum might be used to regulate the 
speed of a clock. But on 8 January 1642, he 
died before the new clock could be made. 
His enemies persuaded the Pope to forbid 
his friends to give him a public funeral and 
a marble monument. But whenever we hear 
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the ticking of a clock we should remember 
Galileo, the genius who enlarged the uni- 
verse ‘a hundred thousand times beyond the 
belief of the wise men of bygone days’. 


SIR ISAAC NEWTON 
PEASANTS in Lincolnshire nearly three 
centuries ago were sometimes alarmed to 
see mysterious lights flickering in the sky 
at night. Terrified, they would hasten home 
and tell their wives that they had seen a 
comet. To them a comet was a warning of 
some dreadful disaster—perhaps a war, or 
an outbreak of the plague, or the death of 
the king. No wonder they were afraid. 

Then one wiser than the rest would realize 
that the strange lights in the sky were no 
comet, but another of young Isaac Newton’s 
tricks. The comet was nothing but paper 
lanterns tied to the tail of a kite. So they 
would fall to talking about the young lad 
who had scared them all so easily. Some 
said he was an idle good-for-nothing, always 
sneaking away to read books when he should 
be. hard at work on his mother’s farm or 
carrying her goods to market. Others would 
say he was a clever lad, nimble with his 
‘\ngers and quick to learn. All would agree 
that he was no farmer, even though he was 
a farmer’s son. They could not conceive that 
he was to be one of the greatest scientists 
the world has ever known. 
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/ Isaac Newton was born on Christmas Day, 
1642, at the tiny village of Woolsthorpe, a 
few miles from Grantham in Lincolnshire. 
His mother, who had just been left a widow, 
wished her son to grow up to farm the land 
his father had left him. But Isaac never 
showed much interest in farming. He was 
much happier repairing clocks or making 
mechanical toys, which were very popular 
among the children of Woolsthorpe. Two 
sundials made by him stood for many years _ 
on the wall of the house where he was bornfy 
Astronomy, too, fascinated him and he 
would spend hours watching the stars and 
carefully noting their movements. 

When Isaac was twelve his mother sent . 
him to King’s School, Grantham. You may 
still see the name I. NEWTON carved by 
‘him on one of the windowsills of the school gy 
At first, Isaac did not get on at all wel at 
school.” Often he was at the bottom of the 
lowest class. Then one day he was bullied 
by a boy much bigger than himself, who 
kicked him in the stomach. Stung to fury, 
Isaac pounced on the bully, thrashed him | 
soundly, and rubbed his nose against a wall. | 
Not content with this, he set himself to beat ; 
the bully in school work. In a short time Be 
rose to be top boy of the school, and at the| 
top he stayed until he lef 

S Mrs. Newton now decided that it was time “ 
for her son to learn how to manage his farm. ¢ 
So she took him away from school, and set 
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him to work. Try as he would, Isaac still 
found ploughing, sowing, reaping and mar- 
keting a very dull business. As often as he 
could he would slip away to pore over _ome 


ew book of science. 
3 e autumn a great storm arose which 


threatened to do much damage to cattle, 
crops and farm buildings. Isaac quite forgot 
he had his farm to attend to. He was found 
trying to measure the force of the gale by 
jumping first with and then against the 
wind, and noting the length of his jumps. 
Even his mother saw that such a boy would 
be wasted as a farmer. Advised by her 
brother, she sent Isaac back to school to 
prepare to go to Cambridge Universit 

So it was that in 1661, when he was nine- 
teen years of age, Isaac Newton set out on 
the road for Cambridge. He had very little 
money to spare, and for some time he was 
forced to work as a servant in order to earn 
enough money to keep himself. It was then 
the custom for poor students to wait on the 
richer students at meals. In return for this 


service they were given their own meals 
free 

But, poor as he was, Newton soon began 
to make a name for himself at Cambridge. 
‘He proved to be a brilliant mathematician, 
so brilliant that at twenty-three he invented 
methods of calculation which have ever 
since been used by every kind of scientist. 


At first through modesty he kept these dis- 
coveries to himself. Not until many years 
later, when others claimed the honour, did 
hecome forward and prove his own claim. 

In the middle of Newton’s career at Cam- 
bridge, in 1665, the Great Plague broke out 
in London. It was not long before it spread _ 
to Cambridge. To escape the danger of infec- 
tion, the students were sent home, and the 
colleges closed. For Newton this was a 
blessing in disguise. It gave him the oppor- 
tunity to make two of his greatest dis- 
coveries. 

Since boyhood Newton had been inter- 
ested in astronomy, and while at Cambridge 
he would often sit up late at night to observe 
the movements of stars. Before long he be- 
came very dissatisfied with the telescopes 
then in use. These were similar to those 
made by Galileo, with which that great 
scientist discovered the spots on the sun and 
the valleys of the moon. They gave a blurred 
and often distorted image. Not only did the 
lenses blur and distort the image, they even 
showed patches of colour where it seemed 
that no colour should have been. All this 
might be due to poor workmanship in mak- 
ing the lens, thought Newton, and he spent 
many hours grinding and polishing different 
kinds of glass for his telescopes. 

In his attempts to make a_ telescope 
through which he could see the stars more 
clearly, Newton began to study the nature 
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of light and colour. He made many experi- 
ments with a prism, a small piece of glass 
with three oblong sides. He would darken 
his room so that no light could enter except 
through a small hole in the window shutter. 
In front of this hole he placed his prism. 
When the sun’s rays shone through the hole 
into the darkened room they would pass 
through the prism and fall on the opposite 
wall. Newton noticed that the small white 
sunbeam was spread out by the prism into 
a long band of beautiful colours. So fasci- 
nated was he by this discovery that he tried 
the experiment over and over again. Every 
time he found that, on passing through the 
prism, the ray of light was transformed into 
a row of colours. He counted seven colours 
in all: red, orange, yellow, green, blue, 
indigo, violet. 

To make certain that the colours he had 
seen were not caused by a flaw in his prism, 
Newton tried this experiment with many 
different prisms. Every time the sunbeam 
Was transformed into a band of the same 
seven colours. Next, Newton used two prisms, 
Placing them so that the ray should pass 
first through one and then through the other 
which he placed upside down. This time the 
sunbeam threw a white spot on the wall and 
no colours were to be seen. 

Newton now saw that he had made a 
8reat discovery. Sunlight, he decided, was 
made up of differently coloured rays. When 
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light passed through the first prism it was 
split up into the seven colours which went 
to make it. The second prism combined these 
colours again so that once more a ray of 
colourless light could be seen. 
f Scientists now know that the coloured 
rays which Newton discovered—and which 
we call the spectrum—are only part of a 
much longer band or spectrum. Only the 
seven coloured rays of the spectrum that 
together make up light are visible. Since 
Newton’s time many great discoveries have 
been made in the parts at either end of the 
spectrum that cannot be seen! Beyond the 
red ray scientists discovered wireless waves 
by means of which Marconi first sent mes- 
sages through space without the aid of wires. 
Beyond the violet ray are X-rays, which ; 
were discovered by the great German scien- : 
tist Réntgen, in 1895. Even Newton could 3 
not have foreseen the wonderful results of ; 
his discovery that light is made up of colour-’ 
ed rays. a 
These experiments showed Newton why } 
he could not improve on the old kind of. 
telescope. He realized that the rays of light 
in passing through such telescopes would: 
always cause patches of colour to be seen,: 
just as they did when passed through @ 
prism. So he set about designing a telescope 
ot his own. This had an opening in its side, 
through which the observer saw the image} 
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reflected in a mirror placed inside the tele- 
scope. Thus Newton managed to avoid 
“colour trouble’ in his telescope. 

The first telescope that Newton made was 
very small, no more than six inches long and 
one inch in diameter. It mgnified forty times 
and gave a very clear image. Small as it was, 
Newton’s first reflecting telescope was the 
model of the huge and powerful telescopes 
now used by astronomers at such famous 
observatories at Greenwich and Mount 
Wilson, California. 

It was this little telescope that first made 
Newton’s name famous. For when the Royal 
Society heard that a new and more power- 
ful télescope had been invented, they at 
once requested to see it. This was in 1671, 
not long after Newton had been elected a 
Professor of Mathematics at Cambridge, an 
unusual honour for so yvoung a man. But in 
1672 a far greater honour came-to him when 
he was elected a Fellow of the Royal 
Sgciety. 

For nearly three centuries scientists all 
Over the world have coveted the honour of 
being elected a Fellow of the Royal Society. 
It is an honour given only to scientists whose 
work has added to the world’s scientific 
knowledge. When Isaac Newton became a 
Fellow, the Royal Society had not long been 
founded. During the Civil War, when the 


‘ armies of Charles I and Parliament were 


each seeking to destroy the other, a few 
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English scientists formed the habit of meet- 
ing every week to talk over the latest scien- 
tific problems and discoveries. Some would 
meet in Oxford, others in London. In 1660 
they joined together and founded a society. 
When Charles II was restored to his father’s 
throne, he began to take a great interest in 
scientific matters, and himself joined this 
society of scientists. He gave the society a 
royal charter and allowed it to call itself the 
Royal Society 

Newton neVer sought fame. Though the 
poor and unknown student had .become an 
honoured scientist, he avoided all public 
notice. Toiling hard all day long and often 
late at night at his scientific experiments 
and calculations, he lived very quietly by 
himself and took very little part even in 
the affairs of the Royal Society. Only when 
some other -scientist tried to claim the. 
honour of being first in the field would he 
reveal discoveries which he had made years 
before but had kept to himself. For nearly 
twenty years he kept silent about the great-" 
est of all his discoveries—the law of gravi-, 
tation. 

When the plague broke out at Cambridge, 
Newton had returned home to Woolsthorpe | 
where he quietly busied himself with his | 
mathematical calculations and his experi- 
ments on the nature of light and colour. | 
This would have been enough to satisfy’ 
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most scientists, but not Newton. His mind 

vas busy with yet another problem. 
KActore Newton's time, scientists such as 
Copernicus and Galileo had destroyed the 
old notion that the earth was the fixed cen- 
tre of the universe. They showed that the 
sun, not the earth, was the centre of the 
universe. The earth was not fixed, they said, 
but every day made a complete spin about 
a central axis, and once a year it revolved 
completely round the sun. For all who cared 
to look, Galileo’s telescope showed beyond 
doubt that these ideas were true. But there 
was one difficulty. Scientists knew how the 
Planets moved. They could not explain why. 
Why should the earth and the other planets 
go round the sun? And why should the 
moon revolve round the earth ? Until New- 
ton gave the answer, scientists could only 
Say that these things were sof 
[f tere is a legend that one autumn eve- 

ing Newton was sitting in his orchard at 
Woolsthorpe, pondering over these questions. 
While he sat and thought, dusk tell, and the 
harvest moon rose in the sky. Why, thought 
Newton, should the moon revolve round the 
earth, never leaving the same path? As he 
wondered, he heard an apple drop from one 
of his trees. 

In an instant, he saw the answer to his 
question. He knew that the fall of the apple 
. Was due to the earth’s pull, that is, to the 
force of gravity. Might not the puli of the 
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earth cause the moon to revolve round it ? 
If a stone is tied to the end of a piece of 
string and whirled round, it flies round and 
round in circles. It is the pull on the string 
that keeps the stone spinning round in cir- 
cles. In the same way, the force of gravity, 
thought Newton, must be the force that 
keeps the moon revolving round the earth. 
And the force of gravity of un causes 
the planets to revolve round 

At first Newton wag overjoyed at his dis-. 
- covery. It seemed to him that he had found 
the law which governed the universe. Then_ 
came a disappointment. His calculations 
failed to bear out his pecory. Rather than. 
make known ideas which he could not prove) 
scientifically, Newton abandoned his theory. . 
Not till many years later did he discover. 
that his calculations had been at fault, and 
that the law of gravitation was true to the* 

When Newton’s discovery of the universal: 
law of gravitation became known, his name 
became famous all over Europe. But other 
scientists tried to claim that they had made. 
the discovery before Newton, who, said they, 
had stolen their ideas. Newton was urged 
by his friends to defend his claims by wrif- 
ing and publishing an account of his dis- 
coveries. So in 1687 appeared Newton’s 
Principia or Principles of Mathematical 
Philosophy, the greatest scientific book that 
has ever been written. It took Newton tw 


years of immense toil to complete it, and 
even to-day only_ learned mathematicians 
can understand it] 

Just at this time the University of Cam- 
bridge was faced with an attack upon its 
freedom. James II, who succeeded his bro- 
ther Charles II in 1685, was a Roman 
Catholic and hoped to turn England to his 
faith. One of his first acts was to appoint 
Catholic favourites to high positions in the 
universities. Newton was chosen as one of 
the representatives of Cambridge to protest 
against this attack on its freedom. His efforts 
were successful, and the King withdrew his 
command. As eward for his services 
Newton was elected to Parliament by Cam- 
bridge University in 1688. Thus it happened 
that England’s greatest scientist was a mem- 
ber of the Parliament that welcomed 
William III to the throne when James II 
fled to France. 

After two years in Parliament, Newton 
returned to his scientific work. More than 
anything else he still delighted in scientific 
experiments and calculations. He always 

‘ worked tremendously hard, taking scarcely 

any time for meals or rest. When hard at 

. Work on some experiment he would forget 

everything else, and many are the stories 

told of his absentmindedness. One evening 

he went to fetch some more wine for his 

*. guests, but did not return. Some time later 
» he was found hard at work in his study, 
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having forgotten all about his guests! A 
friend who called to see him one day found 
he was out of the room, but his dinner was 
laid for him under a cover. When Newton 
returned to .the room later he lifted the 
cover, and saw his dinner had gone. ‘Dear 
me,’ he said, ‘I thought I had not dined, but 
I see I have!’ 

But the strain of so many hours of toil 
was too_much for a man of Newton’s 
owers. fHis health began to suffer. Though 
tired, he could not sleep. He ate even less 
than ever and became nervous and fretful. 
When his little dog ‘Dia ’ upset a lighted 
eandle which stood on hi esk and burned 
a bundle of valuable papers, the loss 
caused him to fall into a long fit of melan- 
choly. Urged by his friends, he took a com- 
plete rest, and soon regained his health and 
vigour. : 

gour/ was now faced with a new task, 
which gave him the chance of doing great 
service to his country. He was appointed to 
the post of Warden of the Mint, and his task 
was to restore the coinage of the country 
to its true value. At is time English coins 
had become very m defaced, that is to 
say, they had lost t ce value. This was 
due to the dishonest practice of clipping and 
filing small pieces from the edge of coins, 
and using the metal thus obtained for mint- 
ing false coins. With his great scientific and 
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mathematical knowledge to help him, New- 
ton scon began to restore the coinage to its 
proper value. In future, silver coins were to 
be minted with milled edges so that clipping 
and filing was not possible without detec- 
tion. Newton also devised a means of water- 
marking paper money to prevent counter- 
feiting. 

So successful was Newton as Warden of 
the Mint that in a few years he was appoin- 
ted Master of the Mint, an important post 
which gave him control of the whole of the 
currency of England. As a reward for his 
good services in restoring English coinage 
he was knighted by Queen Anne in 1705. 
The year before this he had been elected 
President of the Royal Society. As scientist 
and as man of affairs he had won the highest 
honours. 

For the rest of his life Sir Isaac Newton 

as the most honoured of Englishmen. He 
lived in a fine House in London, kept a coach 
and many servants. His friendship was 
Sought by the greatest in the land, and poets 
' and artists sought to do him honour. Yet he 
“ Hever boasted of his achievements, and re- 
Mained always modest and retiring. Science 
Meant far more to him than social success, 
and he continued to work hard at his ex- 
periments and calculations right up to his 
death in 1727, at the age of eighty-five. 
: Noblemen of the highest rank'.bore him to 
, his tomb in Westminster Abbey;-where 2 
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magnificent monument was erected to his 


memory. But Newton’s own opinion of him- 
self and his work was much more humble 
and, perhaps, more true. ‘I do not know 
what I may appear to the world,’ he said 
just before he died, ‘but to myself _I seem 
to have been like a boy playing on the sea- 
shore and diverting myself in now and then 
finding a smoother pebble or a prettier shell 
than ordinary, whilst the great ocean of 
truth lay all undiscovered nets al 


SIR HUMPHRY DAVY 

Ir we had lived in London at the begin- 
ning of the last century we should almost 
certainly have gone to the Royal Institution 
to hear young Humphry Davy lecture on 
chemistry. Even had we been scarcely inter- 
ested at all in chemistry we should have 
gone. It was then the fashionable thing to 
do. All London flocked to hear Davy’s bril- 
liant and eloquent lectures. Not only learn- 
ed scientists and students, but wealthy 
nobles, ladies of fashion and even poets 
were eager to learn all they could about 
science, and crowded into the Royal Insti- 


tution to listen to the popular young scien— 


tist explaining difficult problems and to 
watch him perform experiments_to prove 
that what he taught was true. 

At twenty-two years of age Humphry 
Davy had made science the talk of London. 


Till then perhaps not more than a few hun- 
dred men in all Europe were really 
interested in science. But now everybody 
began to discuss the scientific questions of 
the day.- Though the country was at war 
with France under the mighty Napoleon 
Bonaparte, people still found time to discuss 
the nature of heat, or to wonder whether 
this new electricity would ever be of any 
practical use. 

Though Humphry Davy had first won 
fame as a lecturer, like every true scientist 
he was happiest when busy in his laboratory 
with his experiments. Only by long hours 
of hard work and study had he achieved the 
honour of being appointed at so early an age 
a lecturer at the Royal Institution. ‘What 
Iam, I have made myself,’ Davy once wrote. 
Before the people of London had even heard 
his name, some of his successful experiments 
had won the admiration and envy of older 
Scientists. 

Humphry Davy was a Cornishman, and 
was born at Penzance on 17th December 
1778. When he was six he was sent to Pen- 
zance Grammar School where, as he later 
Said, he ‘enjoyed much idleness’. At school 
he was just an ordinary boy, quick and 
bright, but not very fond of hard work. Like 
Many another boy he would spend hours 
dreaming of fame. Among his school fellows 
he was very popular because of his gift for 
story-telling. His greatest joy was to have 
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an audience to which he could make 
speeches and tell yarns. Often if he had no. 


audience he would stand on a chair in his 
room and hold forth by himself. 

In 1794 Davy’s father died suddenly, 
leaving very little to his wife and children 


except a heavy debt. Davy, who had done 
nothing since he left school, made up his. 


mind that he must start working to earn 
the money to pay off the debt and support 
his mother. So he found himself a job as 
apprentice to a surgeon who was also an 
apothecary (or chemist). Eager for success, 
ke began to study mathematics and chemis- 
try with great zeal. Soon he began to 
experiment on his own. His first laboratory 
was the attic of the surgeon’s house. Davy 
had become a scientist and his life’s work 
had begun. 

Soon he began to make friends amongst 
other scientists. One of these recommended 
Davy for the post of laboratory assistant to 
a scientist at Clifton, near Bristol, who was 


trying to find out whether gases could be | 
used, like medicines, to cure diseases. To : 


Davy this seemed a magnificent chance, and. 
he seized it at once. So in 1798 he left his 
home, his mother and his friends, and set 
out for Clifton. 

For over two years Davy experimented 


with gases in the fine laboratory at Clifton. A 


His task was to find a gas which could be 
used as an anaesthetic (in those days there 
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was no way of deadening the pain of an 
operation and the patient had to endure it 
as best he could), and to do this he had to 
try the effect of different gases on himself. 
One of his greatest successes was with 
nitrous oxide, which experts said was very 
poisonous. Davy resolved to try to inhale 
it. He found that far from being poisonous, 
the gas was so pleasant to breathe that he 
called it the ‘laughing-gas’. Once he breathed 
so large a dose of this gas that he became 
unconscious for some time. When he woke 
up he was full of delight because his sleep 
had brought him pleasant dreams. But when 
he tried inhaling other gases he soon made 
himself ill and was forced to give up his 
experiments for a time. 

Davy’s courageous experiments with 
‘laughing-gas’ began to make his name 
famous among scientists. Just at this time— 
in 1800—the Royal Institution was founded 
by Count Rumford, a scientist famous for 
his attempts to discover the nature of heat. 
The purpose of the Institution was to provide 
laboratories where scientists could work, 
and to teach science to the poorer classes of 
People. Davy was now asked to become 
Director of the Chemical Laboratory. His 
. Salary was to be 100 guineas a year, and he 
Was given a room in the Royal Institution 
and provided with coal and candles. Davy 
;Was overjoyed. Already he saw himself a 
‘Successful and famous scientist, and in 1801 
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he came to London eager to begin work in 
his new post. 

In London he at first met with a dis- 
appointment. Count Rumford did not wel- 
come the young Cornish scientist and refused 
to allow him to lecture at the Royal Insti- 
tution. Davy was permitted to study and 
carry out experiments but he was not to 
lecture until he was older. He looked too 
boyish, he was told. Before Davy could 
lecture in public, Count Rumford asked him 
to give a lecture in private as a test. To 
Davy, who as a boy used to make speeches 
to the walls of his room, this was a pleasure, 
and he passed the test easily. Count 
Rumford was delighted and gave him full 
permission to lecture. Before long a thou- 
sand people at a time would come to hear 
Humphry Davy. So successful was he that 
in two years the managers chose him as 
Director of the Royal Institution. Davy was 
now at the top of the tree. 

Lecturing was only a part of Davy’s work 
at the Institution. His chief work was scien- 
tific discovery. Davy was a tireless and 
ingenious experimenter, and once he set 
himself to solve a problem he never rested 
until the job was done. By nature he was 
impetuous and enthusiastic, at first ever 
ready to announce some new discovery 
after only a few hasty experiments. But > 
early mistakes led him to train himself to | 
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carry out every experiment with the great- 
est care and patience, leaving no room tor 
error. This is the method of the true scien- 
tist. Davy made many wonderful discoveries. 
Not one of them was an easy triumph. Every 
one was the fruit of long hours of hard 
work, countless experiments and frequent 
failures. Scientific research was Davy’s 
whole life, and he was always full of new 
ideas to test by experiments. 

What is heat ? What causes things to get 
hot ? Is heat something that may be found 
in the air ? These were questions that greatly 
puzzled scientists in Davy’s time. Most 
Scientists then believed that heat was made 
wp of tiny particles of matter that were 
given off when a thing became hot. But no 
One had seen such particles, and no scientist 
had ever been able to prove by experiment 
that such things even existed. When Davy 
Came to the Royal Institution the nature of 
heat was still a mystery. 

Count Rumford had carried out many 

. €xperiments to discover the nature of heat, 
> and no doubt he told Davy all about them. 
Rumford noticed that great heat was pro- 
* duced when two pieces of metal were rubbed 
together, and he showed that enough heat 
could be produced in this way to boil a gal- 

m of water. In one of his experiments he 
. fitted a large brass borer into a brass cylin- 
; @er so that when the borer was rotated 
iction took place and heat was produced. 
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Then he harnessed two horses to the borer 
and filled the cylinder with cold water. As 
the horses trotted round, turning the borer, 
the water grew warm. Soon it was quite 
hot, and not long after, began to boil. The 
onlookers were amazed to see a man boil 
water without the aid of any kind of fire. 

Davy spent a long time thinking about 
Count Rumford’s experiments. He did not 
believe that heat was something contained 
in the air, nor that it was made up of minute 
particles of matter. Other scientists had 
tried to discover the nature of heat by ob- 
serving what happened when things burned. 
But Davy was convinced that the answer to 
the mystery would be found in the produc- 
tion of heat by friction. 

Davy first of all experimented with ice. 
die found that when he rubbed two pieces 
of ice together they melted—even though the 
surrounding temperature was at freezing | 
point. Only heat will melt ice. Therefore, 
said Davy, the heat cannot come from the 
ice, because the water produced by the. 
rubbing is warmer than the ice itself. Did 
the heat come from the air? To find the 
answer to this question, Davy built a glass . 
case in which two pieces of ice were rubbed 
togethef by means of a clockwork device. 
The air was pumped from the glass cas2 so 
that the two pieces of ice were in a vacuum. 
As soon as the rubbing began, the ice melted. : 
Even when the temperature in the glass 
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case was at freezing-point, the ice began to 
melt as soon as the two pieces were rubbed 
together. Davy could only conclude that 
the heat which caused the ice to melt came 
from the rubbing movement, that is, from 
the friction between the two pieces of icc. 
Friction causes the atoms or tiny particles of 
a substance to vibrate, and this vibration is 
heat. By means of ice Davy had discovered 
the nature of heat. 

In Davy’s time electricity was the latest 
Scientific discovery. Very little was known 
about it save that it was the source of vast 
and often dangerous power. The famous 

American statesman and scientist Benjamin 
Franklin (1706-90), had been the first to 
show that thunder and lightning were 
caused by electricity in the atmosphere. He 
it was who invented the ‘lightning conduc- 

_ tor’ which has ever since been used to make 

tall buildings, such as churches, safe from 
being struck by lightning. 
Every young scientist of the day was 

; €ager to experiment with electricity, and at 

; the Royal Institution there had been built 

One of the most powerful batteries then 

known. It was not long before Humphry 

» Davy began to be interested in electrical 

' Problems. 

Davy’s first electrical discovery made 

. Possible our modern electric lighting. Davy 

had often seen that when the two terminal 

,Wires of a battery touched each other for a 
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moment a spark flashed between them. Now 
he found that when he allowed the terminal 
wires of the powerful battery at the Royal 
Institution to touch, and then drew them 
apart, a stream-~of sparks flowed between 
the tips of the wires, which very soon be- 
came red-hot. 

Here, thought Davy, is a discovery. He 
set to work to try the effect of using other 
conductors of electricity in place of wire. 
Soon he found that the sparks were most 
brilliant when he used two strips of carbon. 
Connecting these by means of wires to the 
great battery, he would let them touch for | 
a moment. At once there was a crackling ‘ 
sound and sparks flashed between the strips , 
of carbon. Then he drew the strips apart. . 
In the space between them appeared a daz- j 
zling stream of white light—the first elec- 
tric light brought about by man. 

Davy noticed that the stream of sparks | 
which flowed between the two strips of 
carbon would often bend upwards in the 
form of an arc. Thus the first electric lamps 
came to be called arc-lamps. The lamps that - 
are used in the huge and powerful search- 
lights of to-day are similar to the arc-lamps ; 
first invented by Davy. It was Davy, too, 
who first discovered that such arc-lamps. 
shone far more brightly and clearly in a. 
vacuum than in the air, and so invented in- 
candescent electric lighting. 
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Davy now began the series of wonderful 
experiments with electricity for which he 
is chiefly honoured by scientists to-day. He 
was the first to use electricity in chemical 
experiments. Before his time, scientists had 
tried in vain to find out what water was 
made of. By passing an electric current 
through water, Davy was able to split the 
latter up into the two gases of which it is 
made—oxygen and hydrogen. Scientists call 
this process ‘electrolysis’, and in its dis- 
covery Davy was the pioneer of modern 
processes of electroplating and _ refining 
metals such as copper, silver and gold. 

Next, he tried the effect of passing an 
electric current through other substances, 
such as soda. In this way he discovered two 
previously unknown metals—sodium and 
potassium. So delighted was he with these 
discoveries that he danced around the labo- 
ratory with joy. 

All these discoveries made Davy’s name 
famous among scientists. His lectures at the 
Royal Institution made him popular among 
ordinary men and women. Week after week 
he announced new and wonderful discove+ 
ries, and again and again crowds were turned 
@way from the doors at his lectures. Davy 
became a very wealthy man, owning a fine 
house in London. His presence was demand- 
. €d at important social gatherings. He went 
, to Court. He was elected a Fellow of the 
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Royal Society. Even though the two coun- 
tries were at war, the Institute of France 
awarded Davy, an Englishman, a_ gold 
medal. ‘If the two countries or governments 
are at war,’ Davy was heard to say, ‘we men 
ot science are not.’ In 1812, to reward his 
services to science and his country, the King 
of England created him Sir Humphry Davy. 
It is small wonder if for a time Davy was 
rather overcome with pride. 

Yet in the midst of all these triumphs 
Davy laboured on at the experiments which 
were his whole life. Often he would be so 
busy in his laboratory that he would forget 
that he had been invited out to dinner. To 
save time he would hastily put a clean shirt 
and stockings over his dirty laboratory 
clothes and rush off to the dinner. Often 
when the experiménts were more interesting 
than usual he would forget the dinner 
altogether. The day after he was knighted, 
Davy married a Scottish widow and went 
to Scotland for his honeymoon, but even 
then he could not bear to leave his chemical / 
experiments. So he carried a portable labo- 
ratory in his luggage. 

Soon after his marriage Davy toured 
Europe to discuss scientific problems with 
the leading scientists of France and Italy: 
With him he took a promising young scien- 


tist, who was to be even greater than Davy .,; 


himself. His name was Michael Faraday. 
38 
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In 1815, the year of his return from his 
continental tour, Davy made the invention 
for which his name is remembered all over 
the world, especially among miners. This 
was the famous safety-lamp for use in mines. 
The nation had recently been horrified by a 
series of terrible explosions in the mines in 
the North of England. Miners and _ coal- 
Owners alike were filled with fear and 
despair, for there seemed no means of pre- 
venting these tragic disasters. 

Everyone knew the cause of the explo- 
sions. Deep in the mines there often lurked 
a gas which the miners called fire-damp, 
which caused violent explosions whenever a 
flame was brought near it. The lamps carried 
by miners in those days were oil lanterns 
with naked flames, and if by chance the un- 
lucky miner ventured into a corner of the 
mine where the dangerous fire-damp linger- 
ed, the whole mine might be blown up and 
many lives lost. Yet miners could not work 
without lamps. If only, they pleaded, some 
Scientist could invent a lamp that would be 
Safe from fire-damp. 

At last the coal-owners met together and 
appealed to Sir Humphry Davy, the greatest 
Scientist. of the day. Would he help them 
Prevent these tragic explosions in the 
mines? Davy promised to do all he could 
@and-at once set to work. As a boy he had 
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been saddened by the stories of the under- 
ground explosions in the tin-mines of Corn- 
wall, and for many years he had wondered 
whether some scientific method could be 
devised to prevent these disasters. So now 
he busied himself in earnest. First of all he 
travelled to Newcastle to collect specimens 
of the dreaded fire-damp. After many experi- 
ments with this gas he designed a safety- 
lamp, which gave the miner a clear light to 
’ work by, but whose flame was enclosed in 
a thin wire gauze. 

Davy’s discovery was quite a simple one. 
The wire gauze which enclosed the flame of 


the oil lamp allowed it to burn but prevent- - 


ed it from setting light to the fire-damp in 
the mine. Even though the gas reached the 
flame through the gauze it would only burn 
inside the gauze, not outside. The cool 


surface of the gauze prevented the heat of © 


the flame from setting fire to the gas outside. 

The new safety-lamp was a great success. 
Miners everywhere blessed the name of 
Davy. The coal-owners of Northumberland 
and Durham publicly thanked him and made 


him a presentation of silver plate. In recog- | 


nition of his services to the nation he was 

created a baronet, and a few years later he 

was elected President of the Royal Society. 
The miners’ safety-lamp was Davy’s last 


great discovery. For several years he. 
worked hard to improve it, and then his , 
health began to fail. His doctors. ordered : 
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him to spend his winters in the warmer 
climate of Rome, where he spoke of him- 
self as a ‘ruin amongst ruins’. But his 
health grew steadily worse. A life of intense 
toil had sapped his strength, and on 29 May 

1829 he died at Geneva. 

Few scientists have enjoyed life more or 
worked harder than Sir Humphry Davy. 

For years he lived the gay life of a man- 
about-town at the same time he was doing 

the work of ten men in his laboratory at 

the Royal Insitution. He was popular as a 

lecturer and he was welcome at Court. Yet 

the whole of his life was devoted to the 
, cause of science and the _ service of his 
fellow-men. 

Once a friend triec to persuade Davy to 
take out a patent for his safety-lamp and so 
prevent others from copying his invention. 
Had he done so he would certainly have 
made a great fortune. But Davy would not 
hear of such an idea. ‘I never thought of 
Such a thing,’ he said. ‘My sole object was 
to serve the cause of humanity, and if I had 
‘Succeeded, I am amply rewarded.’ 


MICHAEL FARADAY 


} Tue machine that prints this book is driven 
by electricity generated by powerful dyna- 
mos. All over the world to-day you may 
_8ee power stations where such dynamos 
. Produce the electric current to drive the 
machinery that builds ships and motor cars, 
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weaves the cloth for our clothes, prints our 
books and newspapers and sends messages 
across the world and back again. 

Engineers to-day could not do without 
electricity. Yet just over a hundred years 
ago men did not know that they might use 
electricity, as they used steam, to drive 
machinery. They knew about electricity, 
for they had seen it in the form of lightning 
during thunderstorms, and_ scientists had 
been able to produce it by rubbing amber 
or glass with silk. But they could do little 
more than give one another violent electric 
shocks, and to most men electricity seemed | 
of very little use. 

But one day in 1821 a young scientist was 
experimenting in his laboratory with a 
simple piece of apparatus—some wire and | 
a magnet. Placing the magnet in a small | 
coil of the wire he passed an electric cur- 
rent through the coil. Suddenly“the coil | 
began to spin round. 

‘There it goes! There it goes!’ cried the ° 
young scientist, dancing round the __ table ,; 
and calling a friend to see his discovery- 
“We have succeeded at last!’* So excited 
was he that he went to a theatre to celebrate 


his success. se 

He had reason to be excited, though 
perhaps he hardly realized what a great 
discovery he had made. For he had built 
the first electric motor, the model of.all the 
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powerful motors that drive the machinery 
in factories to-day. 

The young scientist’s name was Michael 
Faraday, the son of a blacksmith. At this 
time he was just thirty years old, for he 
was born on 22nd September 1791 at New- 
ington, a village in Surrey that was then 
outside London but has since become a part 
of it. His parents were very poor, and when 
Michael was a small boy they moved into 
London. They took a room over a stable 
close to one of the fashionable squares of 
the town where Michael's father could earn 
a living by shoeing horses. 

So poor were his parents that Michael 
Faraday had very little education. But he 
was a quick and intelligent boy and soon 
began to teach himself. At thirteen he went 
to his first job as errand boy in a book- 
Seller’s shop near his home. For a year he 
Cleaned the windows and swept the floor 
of the shop, and every morning he had to 
get up early and take newspapers round to 
his master’s customers. 

The bookseller must have taken a liking 
to young Michael Faraday, for at the end 
of a year he made ‘him his apprentice in 
7 bookbinding. Though he did not remain a 
bookbinder all his life, Faraday was proud 
» Of his skill in the trade, and would often 
bind the notes of his lectures and experi- 
ments. Written in the beautiful handwrit- 
| ing he delighted in, and bound by his own 
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hands, these notebooks may still be seen in 
the Library of the Royal Institution in 
London. 

It was through one of these notebooks 
that Faraday obtained his first scientific 
post. While he was working as a book- 
binder’s apprentice many books on science 
came into his hands. These he read eagerly 
and made notes on. He even borrowed 
money from his elder brother to pay for 
tickets for scientific lectures. All his pocket- 
money and spare time he spent on books 
on chemistry and materials for experi- 
ments. To keep a clear record of his experi- 
ments he taught himself sketching. 

The more he learned of science the more 
keen Faraday became to obtain § scientific 
work. Bookbinding seemed very dull when . 
all day long his mind was busy with the 
chemical experiments he meant to try in 
the evening. At last his chance came. One 
day a customer of his master noticed the 
young apprentice’s interest in chemistry. 
So he took him to a course of four lectures 
in chemistry by Sir Humphry Davy, the 
inventor of the miners’ safety-lamp. 

To an eager young scientist like Michael _ | 
Faraday, Sir Humphry Davy must have - 
seemed the greatest man in the world. For 
Davy was the most famous scientist of his 
time. His invention, the miners’ safety- 
lamp, known as the Davy Lamp, gave a 
clear light in the mines without risk of an 
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explosion even when the lamp was taken 
where there happened to be dangerous gases. 
Sir Humphry had been knighted for his 
many scientific discoveries, and at this time 
he was professor of chemistry at the Royal 
Institution, which had been fcunded a few 
years before to spread scientific knowledge. 
No wonder that young Michael Faraday 
wrote down all that Davy said in his lectures 
and learned it all by heart. He even bound 
the notes and sent them to Sir Humphry 
himself. With them he sent a letter saying 
how he longed to leave business and take 
up a career as a scientist. 

It was a bold stroke, but Sir Humphry 
Davy must have thought Faraday had the 
makings of a scientist. For he at once tried 
to find him a post at the Royal Institution. 
He even asked his friends for advice about 
Faraday. ‘What can I do with him?’ he 


_ asked one of them. ‘Do?’ replied his friend, 


‘Put him to wash bottles!’ You’ll soon see 
what he’s fit for... And that was just what 
Sir Humphry Davy decided to do. He had 
just dismissed his laboratory assistant for 
brawling with the other assistants at the 
Royal Institution, and now he needed some- 


; One to keep the laboratory. clean and tidy. 


One evening not long afterwards, just as 


. Faraday was going to bed, there came a loud 


knocking at the front door. Outside, a 


i Carriage had drawn up, and out of it stepped 
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a footman in a powdered wig, bringing a 
note from Sir Humphry Davy. ‘Would 
Michael Faraday,’ said the note, ‘ be pleased 
to call on Sir Humphry at the Royal Institu- 
tion next morning ?? When Faraday appear- 
ed before Sir Humphry Davy next morning 
he was offered the dismissed laboratory 
assistant’s post, which he at once accepted. 

So at twenty-one Faraday left the book- 
seller’s shop for Sir Humphry Davy’s labo- 
ratory. It was in:March 1813 that he went 
to live in two rooms on the top floor of the 
Royal Institution, and for the rest of his life 
he was to do most of his work in its labora- 
tories. It was there that he carried out his 
famous experiments in electricity and mag- 
netism, and made his wonderful discoveries. 

But his first jobs at the Royal Institution 
were very humble. He had to wash all the | 
dirty bottles and bowls used in the chemical 
experiments in the laboratory. Every morn-_ 
ing it was his duty to see that the proper 
instruments, scales, chemicals, and test-tubes . 
were set ready and clean for the day’s experi- | 
ments. The laboratory had to be kept spot- 
lessly clean, and the workers there had to * 
have pens, ink and paper always ready to - 
hand. Once a month all the delicate instru- ~ 
ments in their glass cases had to be cleaned _ 
and polished. To many a young man all these - 
tasks might have seemed an irksome drud- . 
gery. To Michael Faraday they were a joy 
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because they gave him plenty of opportuni- 
ties to learn more and more about science. 

Michael Faraday found one of his first 
duties at the Royal Institution very welcome. 
He was chosen by Sir Humphry Davy to act 
as his secretary and assistant on a tour of 
Europe. Sir Humphry desired to discuss 
problems of chemistry and electricity with 
Several famous French and Italian scientists 
and to carry out experiments with them. 

It was a wonderful opportunity. To work 
and travel with Sir Humphry Davy was 
perhaps the best scientific education Faraday 
could have had. . 

They sailed for France in October, 1813. 

' There could not have been a more risky time 
to travel in Europe, for the French under the 
Emperor Napoleon were then at war with 
England, Russia and Prussia. In 1812 the 

' Emperor had led a vast army to invade 

“Russia, and although he had taken Moscow, 
which the Russians had burned as they left, 

- he was forced to retreat from Russia with a 
mere fraction of the army with which he had 
set out. The rest died of the intense cold of 

| the Russian winter or were killed in the 
| ceaseless raids of bands of Russian cavalry. 

Thus the great conqueror was facing defeat, 

and, the armies of the English, Russians’ and 

_ Prussians were slowly advancing on France. 
Not long after Sir Humphry Davy and Fara- 

.day arrived in France, the Allied armies 
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crossed the Rhine and occupied a large part 
of the country. 

Though they were English and therefore 
‘enemies of the French, Sir Humphry Davy 
and Faraday were allowed to travel freely 
in France. Napoleon was always interested 
in and generous to scientists. But the two 
Englishmen had to obtain special passports 
in Paris, and from the description on Fara- 
day’s passport we can get an idea of his 
appearance at that time. He had ‘a round 
chin, brown beard, a large mouth, a great 
nose’. Never very tall and by no means 
strong, he was all his life very active anda 
great worker. 

Leaving Paris, they travelled southwards, 
and in March 1814, just about the time when 
the Allied troops were marching on Paris, . 
they were in Florence. Here Faraday was 
thrilled to see one of Galileo’s telescopes. 
He wrote in his notebook that it was ‘a 
simple tube of wood and paper about three 
and a half feet long, with a lens at each end.’ 

A month later they were in Rome. Here 
they met Count Alessandro Volta, the Italian 
scientist who in 1799 had invented the baty, 
tery and for the first time obtained a stron 
and continuous current of electricity. A pil 
of discs of tin and copper separated. by som 
porous substance kept moist by a slightl 
acid liquid, the first battery was known 435 | 
the ‘ Voltaic pile’ after the inventor, and from 
this famous scientist’s name was also taken 


48 


the electrical term ‘ volt’. By names of the 
discoveries of Count Volta, Sir Humphry 
Davy was able to discover two new metals— 
potassium and sodium, and without Volta’s 
battery Faraday could not have carried out 
his successful experiments in magnetism and 
electricity. y 

Wherever they went, Davy and Faraday 
gathered fresh knowledge from foreign 
Scientists and carried out many curious 
experiments. In Paris, Ampere, the famous 
French electrician, told them about a newly 
discovered substance, called iodine, which 
they little thought would one day prove to 
be a valuable weapon against disease and 


' germs. They also met Gay-Lussac, the great 
_ French chemist who was famed for his 
_ ascents in a balloon while investigating the 
| Mature and properties of gases. At last in 


the spring of 1815 Faraday wrote and told 
his mother ‘ with no small pleasure’ that he 


| Was returning to England. He had been glad 
. to go on such a tour but now wanted to 
} return to England and home. 


Back at the Royal Institution Faraday took 
up his duties as laboratory assistant to Sir 
Humphry Davy. ‘Every morning,’ said one 
f his friends, ‘Faraday went into his labo- 
ratory as the man of business goes to his 


, Office, and then tried by experiment the 
truth of the ideas which he had conceived 


®vernight’. His work was hard, but hard work 
never daunted Michael Faraday. Often. it 
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was dangerous. Once one of his experi- 
ments blew out the windows of the labora- 
tory and nearly blinded him, and often he 
got severely burned. 

Soon Faraday began to make a name for 
himself as a chemist. As early as 1816 he 
had begun to lecture on chemistry, and it 
was not long before his lectures attracted 
crowds. Always thorough, he had trained 
himself beforehand in public speaking, and 
so he could make the most difficult scientific 
matter clear and interesting to all. The 
greatest in the land came to hear him. In 
1857, when he was a world famous scientist, 
the Prince Consort went to hear him lecture, 
and the Prince of Wales (later Edward VII) 
wrote from Windsor Castle to thank him. 

So far almost all Faraday’s discoveries 
and experiments had been in the field of 
chemistry. Yet more than anything else he 
was interested in electricity, and he was 
waiting for his chance to try out ideas of his 
own. This came in 1821 when he was put in 
charge of the laboratory at the Royal Insti- 
tution and ceased to be a mere assistant. 
Three years later, in 1824, he was elected a 
Fellow of the Royal Society, and so at thirty- 
three years of age had won, the highest 
honour that can be awarded to a British 
scientist. 

Faraday knew that electricity and magne- 
tism were connected. This he had learned 
from Oecersted, a brilliant Danish scientist, 


so 
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who had spent thirteen years in trying to 
discover how magnetism and_ electricity 
were related. Hans Christian Oersted, born 
in 1777 in a Danish island village, was the 
son of the village apothecary or chemist. 
From early youth he took a keen interest 
in science. So eager to learn were he and 
his brother, who later became one of Den- 
mark’s greatest lawyers, that they borrowed 
all the books in the village. Hans rapidly 
rose to be the cleverest scientist in his coun- 
try, and devoted his talents to the problem 
of magnetism and electricity. 

Magnetism, argued Oersted, keeps a com- 
Pass needle pointing towards the north, and 
therefore if an electric current could change 
the direction of a compass needle it would 
show that in some way magnetism and elec- 
tricity were related to one another. So by 
means of electric batteries such as Volta the 
Italian scientist had invented, he kept a wire 
charged with a steady electric current. This 
wire he placed across a magnetic compass. 
But the needle continued to point towards 
the north and did not move. Again and again 
Oersted tried this experiment, placing the 
Wire near the compass in every position he 
could think of. But still the needle did not 
change its direction. At last, by chance, he 
Set the wire parallel to, and not as before 

' across, the compass needle. At once the 
} Needle spun round and stood at right angles 
: to the wire. Oersted switched off the current. 
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The needle at once returned to its old 
position. When he again switched on the 
current the needle once more spun round. 
Oersted’s years of toil were rewarded. He 
had proved that electricity and magnetism 
were connected. 

This was not all. Soon it was found that 
a magnet could be made by twisting wire 
round a bar of iron and passing an electric 
current through the wire. Ampere, the 
Frenchman, from whose name is taken the 
term for a unit of electricity, showed by his 
experiments that an electric current could 
produce just the same effects as a magnet. 

It was left to Faraday to make perhaps 
the greatest discovery of all. After hearing 
of the discoveries of Oersted and Ampere, 
which were made about the year 1820, he 
set to work to answer the question that soon 
occurred to him: if an electric current can 
produce magnetism, why cannot a magnet 
produce an electric current ? 

Faraday worked hard for years before he 
could prove beyond doubt that an electric 
current could be produced by means of 2 
magnet. At one time he built a huge electro- 
magnet from part of an old anchor which he 
bought for a shilling or two at the London 
Docks. This magnet was immensely power- 
ful, and Faraday loved to amaze his audience 
at his lectures at the Royal Institution by 
throwing at it a full coal-scuttle, a poker 
and a pair of tongs, all of which stuck to it. 
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At the lectures on science given to children 
every Christmas at the Royal Institution this 
famous magnet is still shown. 

In 1831 Faraday began to hope that his 
many experiments were going to succeed at 
last and that he would obtain electricity 
from magnetism. ‘I think I have got hold 
of a good thing,’ he wrote to a friend, ‘ but 
can’t say. It may be a weed instead of a fish 
that, after all my labours, I may at last pull 
up.” A few more days of work and he had 
Succeeded. It was a great day of triumph 
for the former blacksmith’s son and book- 
binder’s apprentice when he described the 
whole of his successful experiments to the 
Royal Society and won the admiration of 
the greatest scientists of his day. 

Not only was Faraday able to show that 
when a magnet is brought near a coil of 
wire it causes an electric current to flow fér 
a moment through the wire. He also dis- 
covered that when an electric current is 
passed through one of two parallel wires it 
' Causes another electric current to flow tor a 
moment in the other wire. Working on 
these discoveries Faraday built a little 
machine which generated a continuous 
electric current. Because this machine 
Produced power he called it a ‘dynamo’ 
from the Greek word for power. 

_ It was indeed a new power that Faraday 
- had released. From the little machines that 
he first invented have sprung the great 
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dynamos which provide light and heat for 
cities all over the world and produce electric 
current that will drive electric trains and 
machinery of every kind. Yet, when Faraday 
discovered this new and wonderful power, 
the first railway had been running only a 
few vears and most people in England still 
used candles or oil lamps to light their 
homes. 

Year after year Faraday worked without 
ceasing at experiments in electricity. Not 
only did he discover many of the laws of 
electricity and magnetism, but he _ also 
studied the effect of passing an electric 
current through liquids, and thus invented 
the process of electroplating metals. Yet all 
the time he was lecturing on chemistry and 
many other matters at the Royal Institution. 
So hard did he work that at last his health 
broke down, and he had to take a long holiday 
in Switzerland. At the same time the Prime 
Minister granted him a pension and he was 
able to live in comfort for the rest of his 
days. Later Queen Victoria rewarded him 
for his scientific work by permitting him to 
live in a house at the royal palace at Hampton 
Court. . 

In his later years Faraday spent a great 
deal of time in trying to improve the lighting 
system of lighthouses. Even at seventy years 
of age he would often make journeys at night 
to the lighthouses at Dungeness to test the 
new electric lamps which he himself had 
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planned. It is to him that we owe the 
powerful electric lights by which lighthouses 
warn distant ships of dangercus rocks and 
sands. 

In spite of his great fame as a scientist 
Faraday remained all his life modest and 
unaffected by his success. He might have 
grown very rich by means of his inventions, 
but he preferred to live simply and plainly 
asapoorman. He and his wife Sarah, whom 
he had married in 1821, lived quietly and 
happily together on a small income and gave 
all they could afford to the sick and poor. 
All his life Faraday was a devout Christian. 
‘I am,’ he would say, ‘of a very small and 
despised sect of Christians known, if known 
at all, as Sandemanians, and our faith is 
founded on the faith that is in Christ.’ Every 
Sunday he would read the Bible at the 
Sandemanian Church and sometimes he 
would even preach. 

Never did he forget the hard days of his 
youth or friends who had helped him in his 
eareer. Often he would pay a visit to his 
old home and the bookseller’s shop. ‘Come,’ 
he would say to a fellow scientist, ‘I will 
show you something that will interest you.’ 
And he would take his friend to see the 
little shop where he worked as an apprentice. 
‘Look, that was my working-place. I bound 
books in that little nook.’ 

At last in 1861, his long years of hard work 
made him too tired to carry on his duties 
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at the Royal Institution, and with great 
regret he resigned his post there. ‘My words 
totter, my memory totters, and now my legs 
have taken to tottering,’ he told a friend a 
few years later. Indeed, as the years went 
by he was growing feebler, and on 25 August 
1867 he died quietly in his study at Hampton 
Court. As long as men depend on electrical 
means to carry themselves and their messages 
from place to place, to warm and light their 
homes, to manufacture their food and clothes 
and to entertain them, they cannot forget 
Michael Faraday. 


LORD KELVIN 


SHIPS are sometimes wrecked because their 
course is incorrectly charted. The naviga- 
tion officer’s chart shows a clear channel or 
sandy coast line, and so the captain orders 
full steam ahead. But suddenly the vessel 
runs aground on a reef not marked on the 
chart. Then a good ship and perhaps many 


lives are lost—all because of a faulty chart., 


To guard against mistakes in their charts, 
sailors have always taken soundings when 
not sure of their position or when approach- 
ing an unfamiliar or dangerous coast. In the 
old days soundings were taken by casting 
overboard a thick hemp rope with a heavy 
sinker attached to it. When the sinker 
touched bottom the navigators could tell the 
depth by the length of rope paid out, and so 
they could calculate the position of their 
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ship. But this method of sounding took a 
long time, for the ship had to be stopped 
each time the sinker was cast overboard, and 
many hands were required to work the 
apparatus. So the job was often skimped. 
Captains would not order soundings to be 
taken often enough. When in a hurry they 
would forget to take any soundings at all, 
and only remember when their ship was 
aground. 

Not many years ago there was often heard 
on board ships the order: ‘Throw Thomson 
overboard.’ Thomson was not some unfor- 
tunate Jonah, but a new sounding apparatus 
invented by a scientist named Sir William 
Thomson, who was later to be Lord Kelvin. 
This new sounding machine required only 
two men to work it. Fresh soundings could 
be made every few minutes, and it was not 
necessary for the ship to heave to while this 
was being done. 

There is a story that one day Sir William 
Thomson was found by another scientist 
surrounded by coils of pianoforte wire. 
Curious, the scientist asked what the wire 
was to be used for. ‘For sounding,’ was the 
reply. ‘For sounding what note ?’ asked the 
scientist. ‘The deep C,’ said Sir William. 

For Sir William Thomson had suggested 
the use of wire instead of rope for sounding 
apparatus. He invented a winding machine 
with a brake, by means of which two men 
could quickly lower the sinker without 
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tangling the wire to which it was attached. 
The sinker on the new sounding machine 
was a long glass tube lined inside with a 
chemical which becomes discoloured in sea- 
water. The deeper the tube sank in the sea, 
the further up the tube went the water. 
Thus the length of tube discoloured showed 
the number of fathoms to which it had sunk. 


Nowadays cables used for sovfnding are. 


usually 300 fathoms long and are made of 
seven strands of steel wire. Thus it is to 
Lord Kelvin that sailors owe the invention 
of a reliable sounding machine. No longer 
need they go so much in fear of uncharted 
reefs or sand banks. It is small wonder, as 
a famous admiral once said, ‘ that we sailors 
bless the name of Lord Kelvin.’ 

It would have been a wonder if Lord 
Kelvin had not become a great scientist. 
For his father, an eminent Scottish scientist, 
started the young William Thomson on a 
hard scientific training almost as soon as he. 
could read and write. William was born on 
20 June 1824 at Belfast, where his father 
was then a Professor of Mathematics. 
When William was a small boy his father 
became Professor of Mathematics at 
‘Glasgow, where the family of seven children 
then moved. William’s mother had died while 
her children were still very young, and 
their father had to devote himself to their 
upbringing and education. 
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Lord Kelvin’s father was a serious-minded 
"and able man who had come to the top of 
the tree by hard work and determination 
alone. He was resolved that his sons should 
not waste their time. So he set them stiff 
courses of study and sternly checked all 
Signs of laziness. They were given long 
holidays every year, but at other times they 
were made to work and work hard. 

Both William and his elder brother James 
were unusually clever boys. At the early 
age of ten, William passed his Matriculation 
examination at Glasgow University. Here 
the two young boys easily outdid their 
fellow students. Often William was top of 
the class, with his brother just below him. 
This was no small achievement. For among 
their studies were included Greek, Latin, 
logic and philosophy, as well as mathematics 
and chemistry. They even had to study 
Newton’s mathematical works. Few School- 
boys today could tackle such a course of 
schoolwork and like it. 

At seventeen William Thomson became a 
student at St. Peter’s College, Cambridge. 
Here again he outdid most of his fellow 
students. Yet he was no mere bookworm. 
He spent many hours in rowing and swim- 
ming, and he delighted in a long day’s walk. 
Musie, ,too, he loved, for he was a skilled 
Musician, and at Cambridge was president 
of the university’s musical society. 
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At Cambridge the student who comes out 
top of the examination lists in mathematics 
is called the Senior Wrangler. Thomson’s 
father was very anxious that his son should 
win this honour, for then he stood a good 
cnance of being appointed a Professor at 
Glasgow University. But as the day of the 
examination approached Thomson became 
rather worried. He was not at all sure of 
his ability to become Senior Wrangler. He 
had worked hard enough, but then so had 
others just as able as himself. 

When the examination results appeared 
William Thomson’s name was second on the 
list. The man who was placed first became 
Senior Wrangler, but Thomson was so out- 
standing that he was given a prize of almost 
equal honour. Indeed, so amazed were the 
examiners at his brilliance that one of them 


remarked to the other: ‘You and I are just. 


about fit to mend his pens.’ 

Though Thomson had failed to become 
Senior Wrangler, the governors of Glasgow 
University decided that they would be 
foolish to miss the chance of having a young 
man of so great ability on their staff. As 
soon as a post fell vacant Thomson was 
elected a Professor. This was in 1846 when 
he was no more than twenty-two years of 
age. 

Many are the amusing stories about young. 
Professor Thomson at Glasgow. He was not 


a very good teacher—except of those who 
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were as fascinated by science as he was. 
Often he would forget all about his audience 
and wander away from the subject of his 
lecture to some difficult mathematical pro- 
blem that puzzled him. One student com- 
plained that after listening for a month to 
Professor Thomson’s lectures on the pendu- 
lum he still knew only one fact about it— 
that it wagged! 

In Glasgow Thomson began a series of 
researches in electricity and made a number 
of important discoveries about electric 
current. He had met Michael Faraday, the 
discoverer of electro-magnetism and the 
inventor of the dynamo, and this meeting 
awoke his interest in electrical problems. 
Without Thomson’s discoveries, the invention 
of wireless telegraphy by Signor Marconi 
would not have been possible. 

When Thomson was a boy of thirteen there 
occurred one of the most thrilling events in 
history. In July 1837 the first telegraph was 
tested and proved workable. For the first time 
messages could be sent for long distances 
Over land without the aid of messengers or 
flags. No longer would men have to resort 
to chains of beacons for sending urgent news 
from one end of the country to the other. __ 
Henceforth such messages were to be trans- 
mitted through wires by means of electricity. 
The invention of the telegraph was the 
work of three famous scientists: William 
Fothergill Cooke, who was a British army 
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officer, Charles Wheatstone, a _ professor, 
and Samuel Morse, an American inventor. 

The invention of telegraphy was based on 
the discoveries of Oersted and Faraday. 
When an electric current passes through a 
bar of soft iron, the bar becomes a magnet. 
Oersted had proved this by showing that 
the bar will pull the needle of a compass 
from the due north position. Morse and 
Wheatstone had independently discovered 
that messages could be sent in this way. A 
person at one end of the wire could start 
an electric current which would cause a 
magnetized needle to swing at the other end 
of the wire. When the current was broken 
the needle swung back again. By starting 
and breaking the current according to a 
code agreed upon beforehand, a man could 
send a message over the wires to a friend 
many miles away. When Samuel Morse 
invented a code of signals based on short 
and long breaks in the current, telegraphy 
became an invention of practical value. 

By the time of the Crimean War (1854-6) 
telegraphy by land had made §great strides. 
It was then possible to send messages over 
distances of hundreds of miles. Messages 
from the battlefields of the Crimea were 
sent in this way to London and Paris. The 
news of the ghastly sufferings of the British 
troops in the first winter of the war and the 
story of Florence Nightingale’s heroic 
jJabours went to England by telegraph. 


Old soldiers might grumble about new- 
fangled inventions, but the telegraph had 
come to stay. 

The problem that now faced scientists was 
how to lay telegraph cables on the bed of 
the Atlantic Ocean, so that messages could 
be sent to and from America. Already cables 
had been laid in the Channel to connect 
England with Europe. ‘But it had been 
noticed that signals received through sub- 
marine cables were often very sluggish and 
feeble. Professor Thomson began to investi- 
gate this problem. Soon he found that when 
submerged in the sea the long copper 
telegraph wire with its insulating material 
acted in the same way as an electric battery. 
It became charged with an electric current, 
which made signals weak. The longer the 
wire, the stronger became the current and 
the weaker the signals. A_ transatlantic 
cable would transmit ‘no signals at ail. 
Thomson quickly found ways of overcoming 
this difficulty. He suggested that much 
thicker copper wire should be used, with 
seven strands of wire to a cable. 

Thomson also invented a device called a 
mirror galvanometer. Instead of the magne- 
tized needle which swung to and fro when 
messages were received on the first tele- 
graphs, Thomson used a magnet to which 
a mirror was attached. A light shone on the 
mirror, from which a beam of lght was 
reflected on to a scale. However feeble the 


signals, any movement of that beam of light 
could easily be seen. 

But Thomson very soon gave up the use 
of the mirror galvanometer in telegraphy 
(though it is still often used in scientific 
experiments). For he now invented an 
apparatus which actually wrote down the 
message transmitted by the telegraph. This 
was called a Siphon-recorder. A tiny glass 
tube or siphon spurted ink at a ribbon of 
paper drawn past it mechanically. The 
signalling currents moved the siphon back- 
wards and forwards, so that it wrote down 
Jong and short dashes representing the 
message transmitted. This device proved 
so efficient that it has-been used ever since. 

The Atlantic cable was laid by two ships, 
one British, the other American. Each ship 
sailed from its own country and laid the 
cable on the ocean bed until they met, and 
the two cables were joined in mid-ocean. 
On 5 August 1858 a message was sent to 
the President of the United States. ‘The 
Atlantic Telegraph cable,’ it ran, ‘on board 
the U.S. steam frigate Niagara and her 
British Majesty’s Agamemnon was joined in 
mid-ocean, July 29th, and has been success- 
fully laid; and as soon as the two ends are 
connected with the land lines, Queen Victoria 
will send a message to you, and the cable 
will be kept free until your reply has been 
transmitted.’ It was a triumph for science 
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when at last the Queen and the President 
exchanged greetings across the Atlantic. 

After a few weeks of use the transatlantic 
cable failed to work. But the idea was not 
given up. In 1865 a ship was designed spe- 
cially for carrying and laying cables, and 
named the Great Eastern. Professor William 
Thomson was appointed electrical engineer 
of the project, and the most careful prepara- 
tions were made. But once again the attempt 
failed. When well over half the cable was 
laid, it suddenly broke and disappeared. 
Again and again the engineers searched for 
the cable and hauled it on board. It was all 
in vain. The ship’s machinery gave way 
under the weight of the huge cable, and it 
was lost. 

In the next year, 1866, the Great Eastern 
set out once more with another cable. This 
time the whole cable was laid in a fortnight. 
The engineers now determined to search for 
the lost one. After a long search and many 
endeavours to heave the cable on board, they 
at last made it fast, and connected it with 
the land cable on the coast of Newfound- 
land. Thus two cables now connected 
England and America. Since that year the 
New World and the Olid have been in 
constant communication by telegraph. 

A further honour awaited Professor 
Thomson when he returned from his voyage 
on the Great Eastern. He was knighted for 
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his services as electrical engineer to the 
great cable-laying expeditions. 

Though he was now a scientist of great 
renown, he was not ashamed to own his 
ignorance of even quite simple matters of 
science. Once an editor of a magazine asked 
him to write about the mariner’s compass. To 
his amazement, Sir William Thomson said he 
knew very little about the subject. It was 
some years before he had learned enough to 
be able to write about it. In the meantime he 
produced one of his most famous and useful 
inventions. 

Sir William soon made up his mind that 
the mariner’s compass then in use was very 
unsatisfactory. The needles were often too 
clumsy and too long—sometimes they were 
about a foot long. How could such a rough- 
and-ready instrument respond quickly and 
surely to changes in the ship’s course? As a 
matter of fact, such compasses were of very 
little use at all in rough weather, as the 
needle was always liable to stick to the card- 
board on which it was mounted. 

Sir William was not content merely to find . 

-fault. He at once set about designing a more 
reliable mariner’s compass. The result was 
one which was altogether a more delicate and 
accurate instrument than any yet seen. The 
card on which the bearings were marked was 
a thin piece of paper mounted on light metal. 
The ‘needle’ was eight thin steel strips strung 
like a rope-ladder on two silk threads and 
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attached to a sapphire bearing which was 
delicately balanced on a fine hard metal 
point. This new compass was far more satis- 
factory than the other, but at first old sailors 
would have nothing to do with it. They pre- 
ferred the rough-and-ready ways to which 
they were accustomed. But before long even 
they saw the value of a compass that could 
always be relied on to give the true position 
of their ship. Before Sir William died, the 
British Navy had installed his compass in all 
its ships and it was in use in merchant ships 
throughout the world. 

Nowadays Lord Kelvin’s compass is no 
longer so widely used. Instead, an even more 
delicate instrument is relied on. This is the 
Syro-compass, or spinning compass. The axis 
of a top will always point in the same direc- 
tion while it is spinning, and this law is used 
in the gyro-compass. Once it is set in a certain 
direction it will continue to point in that 
direction however much the ship may pitch 
and toss. Unlike the old magnetic compass, 
too, it is not put out of tone by the magne- 
tism of the ironwork of the ship. 

Most of Sir William Thomson’s discoveries 
are not easily understood except by the 
trained scientist, for they dealt with difficult 
Problems in mathematics, physics and electri- 
city. To the world in general he is remember- 
ed chiefly for his genius in applying scientific 
theories to practical problems. Science for 
him was not something belonging merely to 
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learned scientists: it had to be useful to the 
whole world. So valuable did the world 
consider Sir William Thomson’s discoveries 
that everyone sought to do him honour. In 
1892 he was created Baron Kelvin of Nether- 
all, Larg (a title taken from the River Kelvin 
close by Glasgow University). France made 
him a Grand Officer of the Legion of Honour, 
and Prussia awarded him one of her most 
coveted Orders. He was elected President of 
the Royal Society, and when he had been 
fifty years a professor at Glasgow, the great- 
est scientists of the day gathered to do him 
honour, and kings and princes sent messages 
of greeting. 

Lord Kelvin died in 1907 at the age of 
eighty-three. He was buried in Westminster 
Abbey beside another illustrious scientist, 
Isaac Newton. Many were the tributes paid 
to him then, but perhaps he could want none 
better than the words of that admiral who 
said: ‘We sailors bless the name of Lord 
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MADAME CURIE 
Rapium is the most wonderful of all the 
metals and the most precious. Even the 
tiniest quantities cost thousands of pounds, 
so scarce is it and so eager are men to obtain 
it. In only a few places in the world, such 
as Canada and Bohemia, are the minerals 
found from which radium can be extracted. 
But tons of these minerals are required 
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before scientists can produce a few grammes 
of the white powder that is the metal called 
radium. 

The most wonderful thing of all about 
radium is that it will cure diseases which 
doctors once declared quite incurable. Suf- 
ferers from cancer, tumours and skin dis- 
eases can be cured by treatment with the 
rays given out by radium. Small wonder 
that hospitals will pay enormous sums for 
a minute sample of this amazing metal. 

The story of radium is the story of 
Madame Curie chief among women scientists 
and one of the greatest of all. Born a Pole, 
she lived and worked most of her days in 
France, and married Pierre Curie, a French 
scientist of genius who helped in the dis- 
eovery of radium. Though an intensely 
patriotic woman, her whole work was done 
in a foreign land and gave benefit to all 
men and women as well as honour to her own 
country. Famous as she became, she re- 
mained all her life searcely aware of her 
greatness. To her, science was more impcr- 
tant than anything else. She refused to make 
any profit from her discoveries, which she 
gave to the whole world. Her single aim in 
life was to find out more about radium, the 
new metal which she had unearthed. Hers 
was a simple life of few pleasures, devoted 
to husband and daughters, and utterly 
absorbed in her life’s work. 
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Madame Curie was born in Warsaw on 
7 November 1867. Her father was a teacher 
of science and mathematics in a school in 
the town, and from him little Marya Sklo- 
‘ dovska (which was her Polish name) learn- 
ed her first lessons in science. From the 
first she was eager to learn, but her parents 
wisely curbed her strong taste for reading 
lest she should become too bookish for so 
young a child. So if she spent too long over 
some exciting book they would send her to 
play with her elder sisters or to run some 
errand. 

Marya’s early years were among her 
happiest, for she was the youngest child 
and often the favourite. But soon troubles 
began to come. When she was nine her 
eldest sister died suddenly of typhus. A 
year later her mother died after many years 
of suffering from consumption. To Marya, 
who loved her mother more than anyone 
else jn the world, this was a terrible blow. 
These were the first sorrows in a life that 
was to be a hard one. 

There was very little happiness or free- 
dom in Poland in those days. For the nation 
was then ruled by the Tsar of Russia. The 
Poles were a proud and independent people 
and the Russians hated and feared them. 
More than once the Poles had risen against 
their rulers, and to prevent more revolts the 
Russians oppressed them savagely and took 
away all their rights and liberties. Russian 
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was made the language of Poland, and Polish 
was forbidden. Russian had to be spoken 
and Russian books were read in all the 
schools of Poland. Only Russian history was 
taught to Polish children. Polish patriots 
went in daily dread for their lives, for every- 
where were Russian policemen, Russian 
Spies and Russian inspectors, all watching 
for signs of plots to overthrow the Russian 
government. To be caught in such a plot 
meant the gallows or banishment to the 
desolate Russian prisons in Siberia. 

Marya Sklodovska always dreaded the 
day when the Russian inspector was expect- 
ed to visit the school she attended in 
Warsaw. Very often she was the child chosen 
to be questioned. On those days all the 
Polish books which the teacher and pupils 
were secretly reading were hidden away, 
and out came all the hated Russian text 
books. When the overbearing inspector 
entered he would find an attentive class 
meekly learning Russian history—yet all 
the time dreaming of the day when freedom 
would come again for Poland. 

Marya always prayed that the inspector 
would not question her. Too often her pray- 
ers were in vain. Question after question 
would be fired at her to test her knowledge 
of Russia and its rulers and people. Calmly 
and coldly, Marya always answered cor- 
rectly in good Russian. But when the ordeal 
Was over and the inspector had gone, the 
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child often burst into a flood of angry tears. 
Those were indeed terrible days for her. 

Marya’s father was not wealthy, and 
after they left school, Marya and her brother 
and sisters had to start earning their living 
by giving lessons to the children of the 
rich. It was not a pleasant life. The work 
was hard, the pupils often slow and lazy, 
and their parents rude. Nor did it bring in 
much money. But the Sklodovska kept at 
it; it was their only road to better things. 
Marya’s eldest sister, Bronya, had resolved 
to go to Paris to study medicine and to 
return to practise in Poland. All her spare 
hard-earned money went towards this great 
ambition. But governesses were poorly paid | 
in Warsaw; and as the years went by, the 
hope of going to Paris seemed to grow 
dimmer and dimmer. 

Marya, too, had her ambitions. She, too, 
longed to go to Paris to learn and to return | 
to teach her oppressed fellow-countrymen. 
Physics, and chemistry were her chosen 
studies, and in her spare time while she 
was a governess she read all the books of 
science on which she could lay her hands. 
But generously she laid aside her own 
ambitions in order to help her sister, Bronya. 

Rather than wait the long years it would 
take for both of them to save enough money 
to go to Paris together, she decided that they 
should go separately. Bronya was to go first. 
‘She herself would stay in Poland as a 
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governess and earn money to send to Bronya 
in Pagis. At the same time she would save 
money for her own university course after 
Bronya had returned, a fully qualified doctor 
able to earn money to help her sister in 
Paris. 

It was a generous scheme, for it meant 
several long years of lonely waiting and 
dreary work as governess to bored pupils 
before Marya was free to go to Paris. At 
jast in 1891 she was able to set out on the 
long journey across Europe for Paris and 
the Sorbonne. 

Once in Paris Marya began a course of 
hard study and simple living. She deter- 
mined to work for two Masters’ degrees— 
one in Physics, the other in Mathematics. 
Thus she had to work twice as hard as the 
ordinary student. Yet she had scarcely 
enough money to live on. and soon her 
strength was sapped through lack of proper 
food and warmth. She lived in a bare attic 
in the poorest quarter of Paris. Night after 
night, after her hard day’s work at the 
University, she would climb to her poorly 
furnished room and work at her books 
steadily for hours. Her meals were poor 
and scanty, sometimes no more than a bag 
of cherries, which she ate as she studied. 
Though she was often weak and ill under 
this hard mode of life, she worked in this 
way for four years. She Jhad chosen her 
course and nothing could turn her from it. 
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Among the many scientists Marya met 
and worked with in Paris was one Pierre 
Curie. Pierre Curie, born in 1859 in‘*Paris, 
was the son of a doctor, and from infancy he 
had been fascinated by science. At sixteen 
he was a Bachelor of Science, and he took 
his Master’s degree in Physics when he was 
eighteen. When he met Marya Sklodovska 
he was thirty-five years old and was famous 
throughout Europe for his discoveries in 
magnetism. But in spite of the honour he 
had brought to France by his discoveries, 
the French Government could only spare him 
a very meagre salary as a reward, and the 
University of Paris refused to allow him a 
laboratory of his own for his researches. 

Pierre Curie and Marya Sklodovska, both 
of whom loved science more than anything 
else, very soon became the closest of friends. 
They worked together constantly and dis- 
cussed the many problems of their re- 
searches. After little more than a year they 
fell in love with each other, and in 1895 
Marya Sklodovska became Mme _ Curie. 
Theirs was not only to be a very happy 
marriage but also one of the greatest scien- 
tific partnerships. 

By this time Mme Curie had obtained her 
Master’s degree in Physics and Mathematics, 
and was busy with researches on steel. She 
now wished to obtain a Doctor’s degree. For 
this it was necessary to offer to the exa- 
miners a special study, called a_ thesis, 
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which would add to the world’s scientific 
knowledge. 

For some time Pierre and Marie Curie 
had been interested in the work of a French 
scientist named Becquerel. There is a rare 
metal called uranium, which, Becquerel dis- 
covered, emits rays very much like X-rays. 
These rays made marks on a photographic 
plate when it was Wrapped in black paper. 
The Curies kept wondering about these rays 
of uranium. What caused them? How 
strong were they? There were many such 
questions that puzzled Marie Curie and her 
husband. Here, they decided, was the very 
subject for Marie’s Doctor’s thesis. 

The research was carried out under great 
difficulty. Mme Curie had to use an old 
store-room at the University as her labora- 
tory—she was refused a better room. Here 
it was cold and damp, there was no proper 
apparatus and very little space for research 
work. But Marie Curie had to make the 
best of it. Soon she discovered that the 
mysterious rays of uranium were much more 
peculiar than she expected. Indeed, they 
were like no other known rays. 

Marie Curie began to wonder if other 
chemical substances might not emit similar 
rays. So she began to examine every known 
chemical body. After repeating her experi- 
ments time after time she found that a 
Mineral called pitch-blende emitted much 
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more powerful rays than any she had yet 
found. 

Now, an element is a chemical substance 
which so far as is known cannot be split up 
into other substances. As Mme Curie had 
examined every known chemical element 
and none of them had emitted such powerful 
rays as pitch-blende, she could only decide 
that this mineral must contain some new 
element. Here was a mystery. Such a 
notion seemed unthinkable. Scientists had 
declared that every element was already 
known to them. But all Mme Curie’s experi- 
ments pointed one way. Pitch-blende must 
contain some new and unknown element. 
There was no other explanation for the 
powerful rays which it emitted. Scientists 
call the property of giving out such rays 
‘radioactivity ’, and Mme Curie resolved to 
call the new element ‘radium’, because it 
was more strongly radioactive than any 
known metal. 

It was a great moment for the Curies 
when the discoverer of radium received a 
Doctor’s degree. Simply and clearly she 
explained her researches to the examiners. 
Though hers was the greatest discovery of 
the age there was no applause, not even any 
comments, when she announced it. . The 
examiners questioned her carefully and then 
their president solemnly awarded Mme Curie 
the title of Doctor of Physical Science in me 
University of Paris. 5% 
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The next task was to obtain pure radium 
from pitch-blende. Pierre Curie now gave 
up his own studies in order to help his wife. 
A great new discovery was in sight, and the 
work needed two brains and two pairs of 
hands to tackle it. Besides, Mme Curie now 
had an infant daughter, Irene, to look after, 
as well as her scientific studies ; and to add 
to the family income she had taken a job as 
teacher of science in a _ girls’ school near 
Paris. So there was no time for rest or 
amusement in their life. 

The first thing the Curies had to do was to 
ohtain a new and bigger laboratory for their 
experiments with pitch-blende. But in all 
the University of Paris there was no room 
to spare for them. After a long search and 
much pleading they were at last given the 
use of an old wooden shed close to Mme 
Curie’s first laboratory. It was a wretched 
place to work in. The roof leaked, there was 
no floor, no furniture except one or two 
rickety tables, and the ancient rusty stove 
gave hardly any warmth at all. In summer 
they were stifled, in winter they were 
frozen. Yet for four years—from 1898 to 
1902—the young discoverers of radium 
toiled away in this miserable shack. Marie 
Curie later said that thesé years were the 
best and happiest of her life. 

Having obtained a laboratory to work in, 
they next had to buy a ton of pitch-blende 
to use in their experiments. The mineral 
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was to be found in Austria, and by good luck 


the Curies managed to obtain a wagon-load 
of this curious brown ore. How excited they 
were when they saw the sacks of it piled 
up in the courtyard outside their makeshift 
laboratory !| Now at last they would be able 
to obtain pure radium ! 

Four long years of toil passed before they 
succeeded in extracting pure radium from 
their ton of pitch-blende. Day in and day 


cut they worked in their draughty little 


shed. First of all the pitch-blende had to be 
smelted, and sometimes Mme Curie would 
stand all day long in the courtyard stirring 
the molten mass with an iron rod. Great 
quantities of the pitch-blende were used up 
in this way, and many were the chemicals 
with which they treated the smelted ore, 
but still they failed to obtain pure radium. 
Pierre Curie was on the point of despair. But 
Marie kept grimly on, until in 1902. she 
succeeded in obtaining a tiny piece of pure 
radium. 

It was far more wonderful than they had 
hoped. The rays of radium were two million 
times as powerful as those of uranium. Even 
in twilight radium was luminous and it was 


possible to read by the light it gave. Nor 


did it only radiate light, but heat also. In 
an hour the heat it produced was enough to 
melt its own weight of ice. Everything that 
came near radium was affected by it and 


also began to emit radium rays or become - 
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-‘ radioactive’. The Curies soon found that it 
affected their skin, which first became red 
and then sore as though it were burnt. The 
only way to prevent this was to keep radium 
in a lead case. 

Pierre Curie and one or two other scien- 
tists soon began to study the effects of 
radium on the skin. Careless of the risk, 
Pierre Curie tried the effect on his own arm. 
The fruit of their studies and experiments 
was the discovery that radium cured skin © 
diseases and even the dreaded cancer. The 
new element found by the Curies was to be 
one of the greatest of gifts to mankind. 

Pierre and Marie Curie had suddenly 
become famous. The Royal Society of 
London awarded them the Davy Medal, the 
Swedish Academy of Science honoured 
them with the Nobel Prize for Physics, 
which they were to share with Henri 
Becquerel. From all over the world came 
requests for information about their dis- 
covery. The French Academy of Science 
presented them with a large sum of money 
to buy the minerals for purifying more 
radium. Already the price of radium was 
Soaring until it was even higher than that of 
- gold. The Curies might have acquired a vast 
‘fortune had they cared to patent their dis- 
covery and keep the secret of preparing 
radium as their own private possession. But 
as scientists they refused to profit in this 
way from a discovery which would benefit 
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all humanity. So whenever people wrote 
asking how radium should be prepared the 
Curies always gave them all the help they 
could. 

In the hour of her triumph a terrible sorrow 
befell Mme Curie. Her husband was run 
over and killed by a wagon in a Paris street. 
This was in 1906. At first she refused to 
believe that Pierre was no more. Life seem- 
‘ ed impossible without him. Even radium for 
a time lost its spell over her and she could 
think of nothing but the tragedy. But soon 
the fascination of the: laboratory began to 
return, and she knew that her husband 
would have wished the work to go on. Work 
was to be the only cure for her sorrow. 

For years Mme Curie and her husband had 
longed for a well-equipped laboratory where 
they could pursue their researches unhindered 
by lack of apparatus. Even when the world 
acclaimed the discovery of radium the Uni- 
versity of Paris could still not spare them a 
room. Not until eight years after Pierre 
Curie’s death—-and only when Marie Curie 
was on the point of leaving the University— 
did the authorities grant her enough money 
to build the Institute of Radium. A white, 
building, with spacious laboratories and big 
windows, now housed all the equipment 
Mme Curie had always wanted. It was 
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designed by the scientist herself, and she — 


called it ‘the temple of the future’. 
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The Institute of Radium had been built 
barely a month when the Great War broke 
out. All the scientists and laboratory work- 
ers of the Institute were called to the 
colours. Mme Curie was left alone—she did 
not even know where her family was, for 
Poland was occupied by the German army. 
All work on radium had for the moment 
to be put aside, and Mme Curie volunteered 
to help organise a regular service of the new 
X-ray apparatus for helping treatment of the 
wounded. By pestering the authorities and 
begging from wealthy ladies, she got to- 
gether a fleet of twenty motor-cars which she 
and her helpers drove from place to place 
in the war zone carrying the precious X-ray 
equipment. The soldiers nicknamed her cars 
‘little Curies’. Two hundred posts for X-ray 
treatment were also set up by Mme Curie 
herself, and before the war ended over a 
million wounded men had passed through 
these posts. 

“As soon as the war was over Mme Curie 
returned to the Institute of Radium and 
began work again in her laboratory. Radium 
had become a science by itself and there was 
still much work to be done. Around her 
she gathered a band of scientists, ardent 
workers like herself, whom she trained in 
the new science. Year after year new dis- 
eoveries were announced from the Institute. 

Mme Curie never enjoyed fame. She 
hated appearing before cheering crowds, 
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and dinners in her honour bored her. Indeed, 
she was never really happy when away from 
her two daughters and her laboratory at the 
Institute of Radium. Yet her fame was use- 
ful to the cause of radium, and once the 
romance of her name led the women of 
America to collect the money to buy a 
gramme of radium which she badly needed 
for her researches. In return, Marie Curie 
visited America, where the welcome she was 
given amazed and terrified her. Everywhere 
she went, vast crowds thronged to shake 
her hand. The President himself presented 
her with the precious gramme of radium. 
Mme Curie died in 1934. Almost until the 
day of her death she kept hard at work in 
her laboratory. There was always something 
new to learn about radium, and there were 
always students who wanted her advice. But 
at last weariness overcame her. The rays of 
radium which had given health to so many 
had destroyed her own health. It is true to 
say that Mme Curie gave her life for radium. 


